Ethephon (ETF), one of the plant growth regulators, is used in agricultural systems as a valuable tool due to its property of regulating fruit maturation. Here, we aimed to investigate the toxic effects of ETF on the hemolymph metabolites of the greater wax moth, G. mellonella which is an experimental animal and a serious pest in wax. Different doses of ETF (250-390 µg/5 µl) were injected with force feeding method to the last instars and the effects of ETF on the level of hemolymph protein, lipid, and glucose were estimated spectrophotometrically at 24 and 48 h after treatments. The levels of protein, glucose, and lipid in hemolymph showed dose-and time-dependent changes. These results indicated that treatment with ETF may result in significant physiological changes in pests. Consequently, it is likely that ETF can be a promising agent for use in integrated pest management programs as ecofriendly biopesticides.
Introduction
Plant growth regulators (PGRs), playing role in the regulatory mechanisms of plants growth and development, are widely used for increase of agricultural production. Evidence from early studies has shown that various PGRs cause the death of insects by their toxic impacts such as changes in biological and biochemical characteristics [1] [2] [3] [4] . ETF, one of the PGRs, is an organophosphorus pesticide and used in agricultural systems to regulate fruit maturation [5] . Several studies have demonstrated mutagenic, teratogenic, and biochemical effects of ETF on human and higher animals [6] [7] [8] . However, similar studies are very limited related with biological effects of ETF on insects particularly pests [9] . No studies determining the toxicological, biological, and physiological effects of ETF on the model organism Galleria mellonella, have been found in open literature. In the current study, the total protein, lipid, and glucose content of hemolymph from G. mellonella larvae were evaluated with respect to effective ETF doses.
Material and methods

Insect rearing, bioassays and hemolymph collection
Galleria mellonella colony was reared on honeycomb at 27±1
• C, 60±5% RH, and photoperiod of 12:12 (L:D). The technical ETF (Sigma, St. Louis, MO) was used and dissolved in deionized water. Selected larvae which were 0.16±0.01 g in weight were force fed by applying 5 µl of different effective doses of ETF solution (250, 300, 330, * e-mail: hyalcitas@anadolu.edu.tr 360, and 390 µg/5 µl) on esophagus with a Hamilton syringe (22 gauges). Hemolymph samples from force fed larvae were obtained by piercing the third proleg with micro-scissors at 24 and 48 h post treatments. Ten microliters of hemolymph from each individual larva were collected into a micro centrifuge tube. Samples were immediately mixed to 0.001 mg 1-phenyl-2-thiourea and frozen at -80
• C until assays. Prior to analysis, all hemolymph samples were centrifuged at 10,000 g for 5 min at 4
• C.
Determination of total protein, lipid and glucose
Total protein of each hemolymph sample from larvae was estimated by the method of Bradford [10] , using bovine serum albumin (BSA) (Merck, Darmstadt, Germany) as standard. The optical density of the mixture was measured using a spectrophotometer (Shimadzu UV-1601, Tokyo, Japan) at 695 nm. Total lipid content of each hemolymph sample from larvae was determined by the vanillin-phosphoric acid method of Van Handel [11] and measured with spectrophotometer at 525 nm. The corn oil solution (Merck) was also used for the standard curve. An anthrone test developed by Van Handel [12] was used for the detection of glucose in the hemolymph obtained from larvae using glucose (Merck) as standard and absorbance was measured at 625 nm. All assays were replicated four times with ten larvae in each treatment (n = 40 per treatment).
Statistical analysis
Dose-related changes in the means of total metabolites were checked to normality of data distribution. One-way analysis of variance (Tamhane T2 post hoc tests) and t-test (24 and 48 h) were used to compare means and subsequently significant differences were determined using SPSS program (version 18.0 for Windows, SPSS Science, Chicago, IL). Results were considered statistically significant when P < 0.05.
Effects of
to all doses of ETF (F : 52.030; df : 5, 66; P : 0.000) at 24 h when compared with control group. However, at 72 h, total protein content of ETF treated groups decreased at > 250 µg/5 µl doses (F : 47.395; df : 5, 66; P : 0.000). Total lipid content of ETF treated groups was significantly lower than that of the control group 24 h (F : 44.717; df : 5, 66; P : 0.000) and 48 h (F : 10.860; df : 5, 66; P : 0.000) except for the significant increase at 300 µg/5 µl doses at 24 h. Furthermore, lipid concentration of control and treated groups decreased at two time points (P < 0.05, t-test). Similar results were also observed in total glucose content of larvae. There was also a significant decrease in all doses of ETF treated groups at 24 h (F : 232.158; df : 5, 66; P : 0.000) and 48 h (F : 147.205; df : 5, 66; P : 0.000) with respect to the control and this trend in decline was determined between two time points (P < 0.05, t-test) (Table) . 0.84±0.01dy *Results not significantly different are followed by the same letter, x − y for each metabolite, P > 0.001; t-testwithin each row and a − e between two time points, P > 0.05; Tamhane test -within each column.
Discussion and conclusion
A gradual decrease, particularly at two time points and at higher doses of ETF treatment, in the total lipid and glucose levels in larval hemolymph were observed in present study. Similar results were also determined in several studies related with gibberellic acid (GA 3 ), one of the PGR, for Galleria mellonella and some other insect species [1, 4] . These changes may be related with the use of lipids and glucose in cell repair and lipoprotein formation, which will be used to repair damaged cell and tissue organelles depending on ETF-induced stress. This case indicated that increasing doses of ETF cause toxic effects on the pest larvae similar to that of seen in higher animals [6] [7] [8] . On the other hand, total protein content showed different changes between two time points in larval hemolymph upon exposure to ETF. First, an increase in level was observed and then protein amount of larval hemolymph decreased with respect to controls (see Table) . These results also support a previous study of Uçkan et al. [4] who found an increase in total protein in hemolymph of G. mellonella larvae upon exposure to GA 3 . Furthermore, Raouf and Girgis [6] reported that different doses of ETF caused a reduction in total protein content in the liver and brain of mice dams and fetuses. The current and other studies emphasized that increasing protein catabolism was related with a physiological adaptability to compensate for ETF-induced stress. Because animals require high energy under stress conditions, the energy demand may have led to the stimulation of protein catabolism. In conclusion, data obtained here indicate that ETF may adversely affect pests via biochemical alterations. Therefore, this study will contribute to ecotoxicological information and usability of ETF in integrated pest management programs.
